305 — Object Oriented Programming 


Unit 1: Concepts of Object Oriented Programming 


Procedural Oriented Programming Vs. Object Oriented Programming 


POP 
= Procedure-oriented programming consists of writing a list of instructions (o, 
actions) for the computer to follow, and organizing these instructioms i 
groups known as functions. 
= We use flowcharts to organize these actions and represent the flow of con 
from one action to another. 
= The disadvantage is that it does not model real world problems v + 


Characteristics of procedure-oriented programming are: 
"= Emphasis is on doing things (algorithms). 


=" Large programs are divided into smaller programs k n as ions. 
= Most of the functions share global data. 75 
=" Data move freely around the system from functio neétion 


"= Functions transform data from one form to anoth' 
=" Employs top-down approach in program desi 


Local data Local data 


“Object o ted“programming is an approach that provides a way of modularizing 
patiis reating partitioned memory area for both data and functions that 
e use | as templates for creating copies of such modules on demand.” 


ha¥acteristics of Object-oriented programming are: 
= ‘Emphasis is on data rather than procedure. 
Programs are divided into what are known as objects. 
=" Data structures are designed such that they characterize the objects. 
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=" Functions that operate on the data of an object are tied together in the data 
structure. 

=" Data is hidden and cannot be accessed by external functions. 

= Objects may communicate with each other through functions. 

= New data and functions can be easily added whenever necessary- 

= Follows bottom-up approach in program design. 


Object A 


Object B 


aring that can be accessed freely 
m function to function in the system. 


for 


Type Procedure Oriented Programmi Object Oriented Programming 

Divided Into | In POP, program is divid@di In OOP, program is divided into parts called 
parts called functions. objects. 

Importance | In POP, Importance is no > data | In OOP, Importance is given to the data 
but to functions an Je done. | rather than procedures or functions.ss 

Approach POP follows Top D pproach. OOP follows Bottom Up approach. 

Access ess specifier. | OOP has access specifiers named Public, 

Specifiers Private, Protected, etc. 

Data n move freely from | In OOP, objects can move and communicate 

Moving nction in the system. with each other through member functions. 

Expansion ata and function in POP is | OOP provides an easy way to add new data 

: and function. 
Data Ac , Most function uses Global data | In OOP, data cannot move easily from 


function to function, it can be kept public or 
private so we can control the access of data. 


POP does not have any proper way for 
hiding data so it is less secure. 


OOP provides Data Hiding so provides more 
security. 


verloading | In POP, Overloading is not possible. In OOP, overloading is possible in the form 
of Function Overloading and Operator 
Overloading. 
Examples Eg. of POP are: C, VB, FORTRAN, Pascal. | Eg. of OOP are: C++, JAVA, VB.NET, C#.NET. 
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Basic Concepts of Object Oriented Programming 


1. Classes 

2. Objects 

3. Encapsulation 

4. Data Abstraction 

5. Inheritance 

6. Polymorphism 

7. Dynamic Binding + 

8. Message Passing XN 
Objects: } 
=" Objects are the basic run-time entities in an object-oriented system. They ma ent a 


Classes: 


Encap 


person, a place, a bank account, a table of data or any item that the progra st ; 

The fundamental idea behind object oriented approach is to combine both data ðnd function 
into a single unit and these units are called objects. 

The term objects means a combination of data and program that reset some real word 
entity. 

Objects take up memory and have an address associated with i ik@a structure in C. 

When a program executes, objects interact with eac e ending messages. Eg. If 
“Customer” and “Account” are two objects then the@ùsto object will send message to 


Account object requesting balance from it. 
Each object contains data and code to manipulate ets ; 


The entire set of data and code of an obj n bæ@fmade a user-defined type with the help of a 
class. 

A group of objects that share c 
collectively called as class. 
In C++, a class is a new da 
operate on the variables. 
We can say that “Obj 
Classes are user-defi ypes and behave like built-in types. 

Once a class is can declare any number of objects. 

Eg. Student S // Here Class Student declares object S1 


erties for data part and some program part are 


hat contains member variables and member functions that 


bles of types class”. 


tion: 
pp up of data and function into a single unit (called class) is known as 


dta is not accessible to the outside world and only those functions which are 
wrapped in the class can access it. 

hese functions provide the interface between the objects data and 
the program. 
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= This isolation of data from direct access by the program is called “Data Hiding” or “Information 
Hiding”. 


Abstraction 

= Abstraction refers to the act of representing essential features without including the 
background details or explanations. 

= Classes use the concept of abstraction and are defined as size, width and cost and functions 
operate on the attributes. + 

= They encapsulate all the essential properties of the objects to be created. The attributestare 
called “Data Members” and functions that operate on them are called “Member Functions”. 


= Because Classes use the concept of Data Abstraction, they are known as Abtra Types 
(ADT). 

Inheritance 

=" Inheritance is the process by which objects of one class acquire properties of objects of 
another class. + 


= |t supports the concept of hierarchical classification. 
= For E.g.: A class Shape is a parent class from which w 

Rectangle, etc. We further derive grandchild Square 
= |t provides the idea of reusability. This means that we_ca 


child class Triangle, Circle, 
and so on. 
itional features to an existing 


class without modifying it. 
= This is possible by designing a new class which the combined features of both the 
classes. 


Polymorphism 

= Polymorphism means the ability to ta an one form 

= An operation may behave differ, ine ent instances. 

= The behavior depends upon th data used in the operation. 


= It is alanguage feature th 
= The types of the arg 
definition will be us 


ction or operator to be given more than one definition. 
which the function or operator is called determines which 


= Ope : 
= The proeess of Making an operator to behave differently in different instances is known as 
loading. 
m operator (+) adds two numbers generally, but if given two strings instead of 
eS does Concatenation operation. 

Fufaction Overloading: 

e can design a family of functions such that the functions have the same name but the type of 
arguments and no of arguments may be different. 
Thus, using a single function name to perform different types of tasks is known as Function 
Overloading. 
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E.g.: A function Sum(int,int); Sum/(float, float); Sum(int, int, int) will behave different when 
passed 2 int or 3 int or 2 float parameters respectively in the same program. 
Polymorphism is extensively used in implementing Inheritance. 


Dynamic Binding 


Message Passing 


Binding refers to the linking of a procedure call to the code to the executed in 
response to the call. 

Dynamic binding also known as late binding means the code associated with a given pr@eed 
call is not known until the time of the call at run-time. 

It is associated with a polymorphism and inheritance. 


A function call associated with a polymorphic reference depends upon the dynami of tat 
reference. 

For E.g. Consider a class Shape with Draw() and child classes derived Circle, le will 
also have Draw() by inheritance. Therefore, every object of all these classes (Will have Draw() but 
which Draw() version will be called is decided at runtime by matchiag the ob ingreference i.e. 


if Circle’s object is called Circle’s Draw() wil be called or Box’s objectis, called then Box’s Draw() 
will be called and so on. + 


An object oriented program consists of a set o at communicate with each 
other. 

Objects communicate with each other by sending 
humans do. 

The concept of message passing makes it@é€asi 
world systems. 

A message for an object is a req 
invoke a function (procedure) in the rë 
Message passing involves sp 


(message) and information to t 


g information in the same way as 


to design systems that directly model real 


r cution of a procedure and therefore will 
Òbject that generates the desired result. 
ame of the object, the name of the function 


Employ ry (name) 


Object Information 
Message 


nefits of OOP 
cy is reduced)Through inheritance we can eliminate redundant code and extend the 
of existing classes. 
(ReUsability) We can build programs from the standard working modules that communicate 
ith one another, rather than having to start writing the code from scratch. This leads to saving 
of development time and higher productivity. 
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= (Security)The principle of data hiding helps the programmer to build secure programs that can’t 
be invaded by code in other parts of the program. 

= It is possible to have multiple instances of an object to co-exist without any interference. 

= (Load Sharing)It is easy to partition the work in a project based on objects. 

= (Scalability)Object-oriented systems can be easily upgraded from small to large systems. 

= (Easy Communication with External Interface)Message passing techniques for communication 
between objects makes the interface description with external systems much simpler. 


= Software complexity can be easily managed. + 

= Programmer Productivity, better quality of software and less maintenance cost are a n 
added advantage of OOP. 

easiest l e 

pplication of Software: 

= The most popular application of oops up to now, has been in the area of u esign 
such as windows. 

= Real business systems are often much more complex and contain many bjects with 


complicated attributes and methods. 
= OOP is useful in this type of applications because it can simplify Miem. 
= The promising areas for application of OOP includes: 

o Real-Time systems. 

Simulation and modeling 
Object oriented databases. 
Hypertext, hypermedia and expertext. 
Al and expert systems. 
Neural networks and parallel progra 


Decision support and office 
CIM / CAM / CAD system 


0000000 
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Structure of C++ Program 


Comments 
double slash symbol and terminate at the end of line. A comment may 


sta i ine and whatever follows till the end of line is ignored. E.g. // This is a 


n ments are enclosed within /* */. 


vailable in C++ for Input/Output operations are: 
beginning with a hash sign (#) are directives for the preprocessor. They are not regular 
ode lines with expressions but indications for the compiler's preprocessor. 
ostream: iostream stands for standard input-output stream. This header file contains 
definitions to objects like cin, cout, cerr etc. 
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= jomanip: iomanip stands for input output manipulators. The methods declared in this files are 
used for manipulating streams. This file contains definitions of setw, setprecision, etc. 

=  fstream: This header file mainly describes the file stream. This header file is used to handle the 
data being read from a file as input or data being written into the file as output. 


Class Declaration 
= Class allows us to bind data and functions together in one unit (encapsulation). 


= Like Structures in C, they are user-defined types. + 

= Classes are declared like Structures in C. 
Class A 
{ + 
} 

= In the above program, Person is a class with data members name and ageħTo perform 
operations on them we have created two functions called “get ()” an isplay()”. These 
functions are called member functions. + 

Member Function Definitions: 

= We have only declared getdata() and display() inside th s ifs definition is sometimes 
put outside the class. void Person : : getda 

= The operator “: :” along with the classname is call embership Label and tells the compiler 


that getdata is a member function of the class per 


Main Function Program 
= In C++, the return type of main() is int Therefore, every main() in C++ ends with return 0; 
statement. 
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Output Operator (cout and <<) 

= The statement cout <<”Enter Name:-” displays the string with in quotes on the screen. 

= The identifier cout can be used to display individual characters, strings and even numbers. 
= It is a predefined object that corresponds to the standard output stream (display). 


= The cout object, whose properties are defined in iostream.h represents that stream. 
= The insertion operator << also called the ‘put to’ operator sen 
the right to the object on its left. 
cout<<a; // Here the value of a is directed to 


s the information on 
tput stream) 
= The statements cin>> name; and cin>> age; are in S ents and causes the program to 


wait for the user to type in a name(string) and age 
= The number and string entered is placed in t 


ading Of I/O Operator: 
We can have more than one variables to be displayed using single cout statement. 
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= The use of multiple “<<” or “>>” operators in a single line is called Cascading. 
E.g. : cout<<”sum= ”<<sum<<”\n”; 
cin>>number1>>number2; 


Object Declaration: 
= The Object Person P in the main() is a variable of type class Person. 
= We can perform operations on P by calling member functions using P.getdata(). 


+ 
Basic Datatypes in C++ 
= A data type is used to indicate the type of data value stored in a variable. 
= All C++ compilers support a variety of data types. This variety of data typessalhows adhe 
programmer to select the type appropriate to the needs of the application s the 
machine. 
= ANSI C supports the following classes of data types: 


C ++ Data Types Qy 
NN 
User defined type | [__Built in type 


5 ay 
Function 


4 pointer 


1. Primary (fundamental) data types. 
2. Derived data types. + 
3. User-defined data types 


enumeration 


oN D 


a cA 


S` 


C.B. Patel Computer College & J. N. M. Patel Science College 10 


305 — Object Oriented Programming 


char 1 —128 to 127 
unsigned char 1 0 to 255 
signed char 1 -128 to 127 
int 2 —32768 to 32767 
unsigned int 2 0 to 65535 
signed int 2 —32768 to 32767 @ 
short int 2 -32768 to 32767 
unsigned short int 2 0 to 65535 
signed short int 2 —32768 to 32767 $ 
long int 4 -2147483648 to 21474836 
signed long int 4 -2147483648 to 214 4 
unsigned long int 4 0 to 4294967295 
float 4 3.4E-38 4E+38 
double 8 1.7E-308 to +3@ 
long double 10 3.4E 1.4932 
Note: 


= Type void is used to specify return type of a function w 


it s not return any value and to 


indicate an empty argument list of a function. 
In C++, we can also declare pointers of type void. $ ch pd ters are called Generic pointers. 


void *gp; 
Assigning any pointer type to a void põiate using a cast is allowed but dereferencing it 
is not allowed. E.g. int *ip; ip; // Assign int to void type is valid 
But *ip=*gp;  // is invalid. 


Assigning any pointer type to a 
In ANSI C we can also assign 
void pointer type. This is 
E.g.: void *ptr1; 
char *ptr2; 
ptr2 = ptr1; 
We need to us 


ithout using a cast is allowed in both C and C++. 
inter to a non-void pointer without using a cast to non 
C++, 


statement in ANSI C but not in C++. 
ptr2=(char * ) ptr1; 


Data types in7C+ 


classified under various categories: 


ataTypes: 

ised user defined data types such as struct,and union in C. 

also permits us to define another user defined data type known as class which can be used 

jus®like any other basic data type to declare a variable. The class variables are known as 
bjects, which are the central focus of OOP. 
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Enumerated Data Type: 


Here off is O and on is 1.t 
constants. 


enum is a user-defined enumerated data type which can be used to declare variables that can 
have one of the values enclosed within the { }. These values are called enumeration constants. 


Syntax: enum identifier {val1, val2, val3.............. valn}; 
enum identifier v1, v2, V3............ vn; 
The variables v1, v2, v3...... can have only one of the values vali, val2, and so on. 
We can then assign the value to v1 as: v1 = val1; v2 = val2; 
E.g. : enum shape { circle, square, triangle}; + 
enum colour{red, blue, green, yellow}; 
enum position {off, on}; 


The enumerated data types differ slightly in C++ when compared with ANSI C. + 
In C++, the tag names shape, colour, and position become new type names. That eand e can 
declare new variables using the tag names 
E.g. Shape ellipse; //ellipse is of type shape 
colour background ; // back ground is of type colour 
ANSI C defines the types of enums to be ints. 


In C++,each enumerated data type retains its own separate type. This s that & does not allow an 
int value to be automatically converted to an enum. 
E.g.: colour background = blue; //valid 

colour background = 7; //err Rin C+ 

colour background = (colour) 7; //ok 


E.g intc=red; //is valid 
value beginning with O to first, 1 to 
to assign values then we can assign 


But we can use an enum value in place of an int. 
By default, the compiler automatically assigns a 
second and so on to all enum constants. 
explicitly. 
E.g.: enum color {red, blue=4, gr 
enum color {red=5,blue, gre 
C++ also permits the creation of. R 
E.g.: enu 


// Here red is 0 
// Here blue = 6 and green = 7 


s may be referenced in the same manner as regular 


s are the same as in C but they differ in the way they are initialized. When initializing a 
r array in C, the compiler allows us to declare the array size as the exact length of the 


Zo: char str[3] = “xyz”; // is valid in C not in C++ 
In C++, the size of the char array should be one more than the no. of chars in the string. 
E.g.: char str[4] = “xyz”; // is valid in C++ 
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Functions: Many modifications and improvements have been made in the way the functions are 
called and implemented which will be discussed in chap 4. 


Pointers: Pointers are declared and initialized as in C. 
E.g: int x, *p; 
p = &x; // p refers to the location of x 
*p = 10; // Assigning 10 to x through p (indirection) + 


Declaration of Variables XN 
+ 
to be 


= All variables in C++ should be declared before they are used in the program just likeg€ 
= But there is one exception in the place of declaration. In C, we declare all the 


used in the program at the beginning of the scope. They might be use in the 
program. 
= C++ allows the declaration of variable anywhere in the program ige. we ca e a variable 


just before it is used. 
= This makes the program much easier to write, easy to underst 
to scanning back and forth. 


o duces errors due 
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float total = 100; 
float &sum = total; 


E.g.: 


= Here sum is the alternative name for variables total, both the variables refer to the same data 


object in the memory. 
= Suppose we print cout<<sum; 
output (100). 


or 


cout<<total; both the statements will give the same 


= |f we change total = total + 10; then it will change the value of both sum and total to 110. 


= A reference variable must be initialized at the time of declaration. 


= (C++ assigns additional meaning to the symbol & here & is not an address operator. 


= Other E.g. int n[10]; 
int &x = n[10]; 


char &a=’\n’; 


= A major application of reference variables is in passing arguments to functi 


> void flint & x) 
{ 


x = x+10; 
| } 
int main() 
{ 
int m= 10; 
f(m); 


} 


Operators in C++ 


+ 

//alias for array element n[10] + 
//[alias for the char literal ‘\n’ 

When function f(m); ås execu e following 

happens: 

int &x =m; + 
Thus, x becomes an 4 . Any changes in x will 
also reflect m 


alled “Call by Reference”. 


The Call-by- echanism is useful in OOP 
because the manipulation of objects by 
referen liminates the copying of object back 


ces work very well with User Defined Types 


= All C operators are v ING++. 
=" In addition, C++ introdùces e new operators: 
Operators 
2> 
In n operator 
pe-Resolution operator 
Pointer-to-Member operator 
Pointer-to-Member operator 
Pointer-to-Member operator 
lete Memory Release operator 
endl Line Feed / New Line operator 
new Dynamic Memory Allocation Operator 
setw() Field-width operator 
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Scope Resolution Operator 


= Like C, C++ is also a block-structured language. Block -structured language. 
= Blocks and scopes can be used in constructing programs. 
= We know same variables can be declared in different blocks because the variables declared in 


blocks are local to that function. 
= Blocks in C++ are often nested. 


| e 
int x = 10; | 


Sie OF 


Block 1 


Here Block2 is contained in Block1. 
The declaration in an inner blo i 
declaration of the same ale Mg 
outer block and therefore eac 
declaration of x causes it 
different data object . 


With in the inner 
will refer to the 


ck theawariable x 
a object declared 


there in. 
In C, the gloBal vegsion of a variable 
can't b sS om within the inner 
block. 
s this problem by 
ing a new operator : : called 


ein inner block”; 
<k<<endl; 
="<<m<<endl; 

": m="<<:: m<<endl; 


t ”\n we are in outer block \n”; 


OUT<<"m="<<m<<endl; 
ut<<":: m="<<:: m<<endl; 


oe ] cope resolution operator. 
is Can be used to uncover a hidden 
UE riable. 
|} e—a -- QÅ = Syntax ::variable-name; 
#include <iostrcam.h> = |n the given program, the variable m is 
int m=10; declared at three places. 
int main() = Whenever we access the value of : : m 
{ will always refer to the global m 
int m=20; outside the main (10). 
{ 
int k = m; 
int : 
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Limitations of C structure 
= The standard C does not allow structure to be treated like built-in data-types. 
For example; 


struct complex The complex numbers c1, c2, c3 can easily be assigned vajue 
{ using dot operator but we can’t add two numbers. 
float x, y; For e.g.: c3 =cl+c2 
+ 
}; struct complex ci, c2, 
c3; 
= It does not permit “data hiding”. Structure members can be tly asse by structure 
variables by any function anywhere in the scope i.e. they are public berg 


Extension to structures (A Class) 

= C++ supports all features of structures in C. But i 
behave like built-in data-types, and also provides a 
principles of OOP. 

= (C++ also provides, Inheritance, by which one type erit properties from other types. 

= In C++, a structure can have both variables a u 

= We can declare a variable of type stru@tur ithout using keyword ‘struct’. 

= C++ incorporates all these extensions i other r-defined type known as ‘class’. 


g user-defined types to 
jde which is one of the main 


Specifying a Class 
= A Class is a way to bind the da 
= It allows the data and functi 


s associated functions together. 
idden, if necessary, from external use. 


= When we are defining afla are creating an ‘Abstract Data type’ that can be treated like 
any other built-in da 

= Classes are general using the keyword class, with the following format: 
class class_na 
{ 


ci : // private, public or protected 
er1; // variable or function declaration 


ess specifier_2: 
member2; // variable or function declaration 


XYZ; 

lass_name is a valid identifier for the class. 

The body of the declaration can contain members, that can be either data or function 
declarations, and optionally access specifiers. 
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= X, y,zare the objects of classes which can be declared here optionally. 


= An access specifier (visibility lables) is one of the following three keywords: private, public or 
protected. These specifiers modify the access rights that the members following them acquire. 
1. Private members of a class are accessible only from within other members of the same 
class or from their friends. 
2. Protected members are accessible from members of their same class and from thei 
friends, but also from members of their derived classes. © 
3. Public members are accessible from anywhere where the object is visible. 


= By default, all members of a class declared with the class keyword have private a r albits 
members. 
= Therefore, any member that is declared before one other class specifie ly has 


private access. 


= The variables declared inside the class are known as data members an nctions are 
known as member functions. 

= Only the member functions can have access to the priva t eftbers and private 
functions. However, the public members (both functions a can be accessed from 
outside the class. 


= The binding of data and functions together into a s claSs-type variable is referred to as 
encapsulation. 


Example:- A complete class example 


#include <iostream> oid CRectangle :: set_values (int a, int b) 
using namespace std; 
class CRectangle X=a; 
{ y=b; 
int x, y; } // definition 
public: int main () 
void set_values (intgi laration { 
int area () CRectangle rect; 
{ rect.set_values (3,4); 
return cout << "area: " << rect.area(); 
} return 0; 
} } 


e statement Declares a class (i.e., a type) called CRectangle and an object (i.e., a 
of this class called rect. 
class contains four members: two data members of type int (member x and member y) 
ith private access (because private is the default access specifier) and two member functions 
with public access: set_values() and area(), of which for now we have only included their 
declaration, not their definition. 
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Creation of Objects 

= The declaration of CRectangle does not define any objects of it but only specifies what they will 
contain. Once a class has been declared, we can create variables of that type by using class 
name. 

= For e.g., in main(),The statement: CRectangle rect; 


creates a class variable rect of type CRectangle. 
= In C++, the class variables are known as objects. Therefore, rect is called an object @f t 


CRectangle. 
= The statement: CRectangle rect1, rect2, rect3; 


declares more than one object in one statement. The declaration is similar to tha 
data type. The necessary space is allocated at this point of time and not whe 
specified. 


Accessing Class Members 
= After the previous declarations of CRectangle and rect, we can re ap the body of the 


program to any of the public members of the object rect as if normal functions or 
normal variables, just by putting the object's name followed b t) and then the name of 
the member. 

= For example: rect.set_values (3,4); 


myarea = rect.area(); 
= The only members of rect that we cannot access fg 
are x and y, since they have private access and 
members of that same class. 
= A variable declared as public can be S iractly but this is against our concept of data 
hiding and hence should be avoided. 


of our program outside the class 
only be referred from within other 


Defining Member Functions 
"= Member functions can be d in two places: 
o Outside the cl i 
o Inside the 


embership ‘identity label’ in the header. This ‘label’ tells the compiler which 
ion belongs to. 
syntax of defining a member function outside: 


Function-body 
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= The membership label class-name :: tells the compiler that the function ‘function-name’ 
belongs to the class ‘class-name’. The scope of the function is restricted to the class-name 
specified. The symbol : : is called the scope-resolution operator. 

= In the above code the definition of the member function set_values() has only its prototype 
declared within the class, but its definition is outside it. 

= In this outside declaration, we must use the operator of scope (::) to specify that we are 
defining a function that is a member of the class CRectangle and not a regular global function. 

+ 

Inside the class definition 

= When a function is defined inside a class, it is treated as an inline function. Therefore, all t 


restrictions that apply to an inline function are also applicable here. Hen small 
functions are defined inside the class definition. 
= In the above code the definition of the member function area() has be c irectly 


within the definition of the CRectangle class given its extreme simplicity 


Characteristics of functions 


= Different classes can have the same function name. The ‘m S afr will resolve the 
scope. 


= Member functions can access the private data ofa c ember function cannot. 
(Exception — friend class). 

= A member function can call another member functi f same class directly without using 
dot operator. 


Private Member Functions 
= Normally, we put all the data ite 
situations may require certain fu 

We can place these functions in t 


riv section and all functions in public, some 
hidden (like private data) from outside calls. 
ate’ section. 


= A Private member functio ed by another member function of the same class. 
Even an object cannot invo riVate function using the dot operator. 
= Example: 
#include<iostream.h> void set::input (void) 
class set { 
{ cout <<"\nEnter two values"; 
; cin >>m>>n; 
} 
void set::display (void) 
{ 
cout <<"\nLargest value=" <<larger(); 
// correct 
} 
t set::larger (void) void main() 
{ { 
if (m>n) set a; 
return (m); 
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else a.input(); 
return (n); a.larger(); //can’t access private members 
} a.display(); 
} 


Memory Allocation for Objects 

= Memory space for objects is allocated when they are declared and not when the class i 
specified. This is partly true. + 

= Actually, the member functions are created and placed in memory space only once n 
they are defined as a part of class specification. 

= Since all the objects belonging to that class use the same member function 
space is allocated for member functions when the objects are created. 
member variables is allocated separately for each object. 

=" Separate memory locations for objects are essential because the membé€r varidbles will hold 
different data values for different objects. 


parate 


Common for all objects + 
member function 1 
member function 
Memory created wh are defined 
Object 1 ct Object 3 
member variable 1 able 1 member variable 1 
member variable 2 nber variable 2 member variable 2 
e y ted when objects are defined 
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Arrays of Objects 
"We can also have arrays of variables that are of type class. In C++, such variables are called 
arrays of objects. 
= The syntax for declaring and using an object array is exactly the same as it is for any other 
type of array. 
= For example, this program uses a three-element array of objects: 
#include <iostream> 


using namespace std; int main() $ 
class cl { 
{ cl ob[3]; N 
int i; int i; 
public: for(i=0; i<3; i++) F 
void set_i (int j) ob[i].set_i(i+ 
{ for(i=0; i<3; i++) 
b= ly cout << obi << "\n"; 
} return 0; 
int get_i() } + 
{ 
return i; 
} 
} 


e way as a multi-dimensional array. 


= An array of objects is stored inside the memor @ 
ember functions are stored separately 


= The space for data items of the objects ig*create 
and will be used by all the objects. 


Objects as Function Arguments 
= An object may be used as a i ent. This can be done in two ways: 


Pass-by-value: 
= When a copy oft 


value’. 
= Since a copy of thetentire”object is passed to the function, any change made to the objects 
inside the f@nc not affect the object used to call the function. 


an address of the object is passed, the called function works directly on the actual 
used in the call. This means that any changes made to the object inside the function 


ill reflect in the actual object. 
= This method is more efficient as it requires to pass only the address of the object and not 


the entire object. 
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Example of Object As Function Arguments (Pass by Value) 


#include< iostream.h> void sum(height a,height b) 
#include< conio.h> { 
feet = a.feet + b.feet; 
class height inches = a.inches + b.inches; 
{ if(inches ==12) 
int feet,inches; { ¢ 
public: feet++; 
void getht(int f,int i) inches = inches -12; 
feet=f; cout< < endl< < "Height fig 
inches=i; feet< <"feet and4 & 
} inches< < endl; 
void putheight() } 
{ i 
cout< < "\nHeight is:"< < feet< < void main() + 


"feet\t"< < inches< < "inches"< < { 
endl; 


.putheight(); 
d.sum(h,a); 
getch(); 


= Since the member function sum isin) ed by the object d, with the objects h and a as 
arguments, it can directly a and inches variables of d but the members of a 
and b can be accessed by u ot operator only. 

= Therefore, inside the ) ariables inches and feet refer to d, a.feet and a.inches 
refer to h and b.in feet refer to a. 


Friend Functions 

= According tth t of data-hiding, we know that private members of a class cannot be 
accessed f e the class. 

i O grant a nonmember function access to the private members of a class by 


eyword friend. 
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To make an outside function “friendly” to a class, we have to simply declare this function as 
a friend of the class as shown below: 


class ABC 
{ 
public 
friend void xyz(void); // declaration + 


} 
The function declaration should be preceded by the keyword friend. The function 
elsewhere in the program like a normal C++ function. + 


Characteristics of friend functions: 


O 


It is not in the scope of the class in which it is declared and hence cann@t be called using th 


object of that class. The function can be invoked like a normahfunction Wi t the use of 
an object. 
Unlike member functions, it cannot access the member na i Wid has to use an 


object name and dot membership operator. (e.g. : A.x) 

Usually, it has the objects as arguments. 

The keyword friend is placed only in the function ration of the friend function and not 
in the function definition. 

It is possible to declare a function as friend in a 
A friend function, even though it is not a me 
the private members of the class. 


f classes. 
tion, would have the rights to access 


It is possible to declare the friend fuMeti either private or public. 
#include<iostream.h> at mean(sample s) 
class sample { 
{ return float (s.a+s.b)/2; 
} 
void main() 
{ 
sample x; 
; x.setvalue(); 
cout <<"MEAN VALUE=" <<mean(x); 
getch(); 
}; } 


= (The | end function accesses the class variables a and b by using the dot operator and the 


passed to it. The function call mean(x) passes the object x by value to the friend 


unction. 
Member functions of one class can be friend functions of another class. In such cases, they 


are defined using the scope resolution operator. 
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friend int X : : function1(); 


of X // function1() of X is a friend of Y 
EE }; 
if + 
Returning Objects \ 
= A function can not only receive objects as arguments but also return them. + 
Example: 
#include<iostream.h> distance distance :: add(di e 
class distance { 
{ 
int feet; 
float inches; 
public: 
void setfeet(int); } 
int getfeet(void); voi 
void setinches(float); { 
float getinches(void); istance d1,d2,d3; 
distance add(distance); 1.setfeet(5); 
p d1.setinches(7.5); 
void distance : : setfeet(int x) d2.setfeet(3); 
{ feet=x; } d2.setinches(6.25); 
void distance : : setinches(float y) d3=d1.add(d2); 
{ inches=y;} cout <<"\n" << d3.getfeet(); 
int distance : : getfeet (voi cout << d3.getinches(); 
{return feet;} getch(); 
float distance : : gepimehes(Void) } 


{ return inches;} 


= When an obje returned by a function, a temporary object is automatically created that 


ue. It is this object that is actually returned by the function. After the 
urned, this object is destroyed. 
xample, when add() is called the object passed as argument is d2 but because 
ion is called through d1.add(d2), inside the function variables feet and inches refer 
bers of d1. 
d variable temp is created inside add() which will store the result of d1 and d2 in temp. 
his temp is a returning value of the function but as an object. 
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Chapter 6: Constructors and Destructors 


Constructors 

= It is very common for some part of an object to require initialization before it can be used. 

= For example, whenever in any program we wanted to provide intial values to private 
members of a class, we created member functions like setdata() and putdata(). Eg. 
A.setdata(1,2); would assign value 1 and 2 to private members of a class whose obje@i 

= This function call statement cannot be used to initialize the member variables at the tim@o 
creation of their objects. 

= Since C++ is aimed to create a user-defined data-type class which acts like a 
type, we must be able to initialize a class type variable (object) when it is decl 

= Because the requirement for initialization is so common, C++ allows Cc 
themselves when they are created. 

= (C++ provides a special member function called the construct 
initialize itself when it is created. This is known as automatic initi 

= It is special because its name is the same as the class name. 

= The constructor is invoked whenever an object of its associ 


= It is called constructor because 
data members of a class. 


which e an object to 
ationpf objects. 


is created. 
s the values of 


= In the above ex n the declaration statement: multiply m1; not only 
creates the obje but also initializes its data members x and y to 3 and 5 respectively. 


cons ctor that accepts no parameters (as in above example) is called the default 

t 

default constructor for class A is A : : A(). If no such constructor is defined, then the 
ompiler supplies a default constructor. Therefore, a statement such as: A a; 


invokes the default constructor of the compiler to create the object a. 


haracteristics of a Constructor function: 
= They should be declared in the public section. 


C.B. Patel Computer College & J. N. M. Patel Science College 25 


305 — Object Oriented Programming 


They are invoked automatically when the objects are created. 

They do not have return types and therefore cannot return any values. 

They cannot be inherited, though a derived class constructor can call the base class 
constructor. 

They can have default arguments like other member functions. 

They cannot be virtual. 

We cannot refer to their addresses. 

They make “implicit calls” to the operators new and delete when memory alloc@tio 
required. 

When a constructor is declared for a class, initialization of objects becomes necessary. 


+ 
Parameterized Constructor 
= In the above example, we created a constructor without any arguments ed the 
members x and y. 
= There are situations when it becomes necessary to initialize elements of 


class myclass { 


different objects with different values when they are created. 
C++ permits this by passing arguments to the constructor a the objects are 
created. The constructors that can take arguments are calle ameterized constructors. 
When a constructor is parameterized, the object declaraiti 
o multiply m1; //will not work 
To create a parameterized constructor, simply pass t arameters to it the way we pass to 
any other function. When defining the constr, , use the parameters to initialize 
the object. eB 
We must pass the initial values as constructor function when an object is 
declared. This can be done in two 
o By calling the constructor e 


rgunen 


tiply m1 = multiply(2,3); 


o By calling the constructor multiply m1(2,3); 
#include <iostream> int main() 

{ 
int a, b; myclass ob(3, 5); // implicitly 
public: myclass ob1 = myclass(3, 5); // 
myclass(int iá explicitly 
void show(Ji{c ob.show(); ob1.show(); 

return 0; 
} 


e have used both the ways to call the constructor: 
o Implicit calling 
o Explicit calling 
The constructor functions can also be defined as inline functions like above example. 
The parameters of a constructor can be of any type except that of the class to which it 
belongs. 
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= A constructor can accept a reference to its own class as a parameter. Thus, the statement 
A (A &) is valid. Such a constructor is called the copy constructor. 


Multiple Constructors in a class (Overloading of Constructors) 
= There are three main reasons to overload a constructor: to gain flexibility, to allow both 
initialized and uninitialized objects to be created, and to define copy constructors. 
= Many times we want to create a class for which there are two or more possible ways 
construct an object. In these cases, we provide an overloaded constructor for each way. 
= By providing a constructor for each way that a user is free to choose the best wa¥to 
construct an object given the specific circumstance. 


= Like any other function, a constructor can also be overloaded with more tha nction 
that have the same name but different types or number of parameters. 
= For overloaded functions the compiler will call the one whose parameters ments 


used in the function call. In the case of constructors, which are automatically €alled when an object 
is created, the one executed is the one that matches the arguments p d the object 
declaration. 


t constructor receives no arguments. The second constructor 
receives two int ents and the third one receives one integer and object as an 
argument. 
The declarati integer i1; > invokes the default constructor and sets both the 
0 0. 

integer i2(10,20); œ invokes the second constructor and initializes 
alues of m to 10 and n to 20. 

= the statement: integer i3(i2); -> invokes the third constructor which copies 
alues of i2 into i3. In other words, sets the value of every data element of i3 to the 
value of the corresponding data element of i2. Such a constructor is called the copy 
constructor. 
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Constructors with Default Arguments 
«We can also use default parameters in an object's constructor. For example, the cube class 
shown here maintains the integer dimensions of a cube. Its constructor defaults all 
dimensions to zero if no other arguments are supplied, as shown here: 


= There are two advantages to including default arguments, when in a con 
o First, they prevent from having to provide an overloaded constfuctor ¢hat takes no 


parameters. 
For example, if the parameters to cube( ) were not n defaults, the second 
constructor shown here would be needed to hand e cl@tion of b (which 
specified no arguments). 
cube() {x=0; y=0; z=0}. In the above construgto actual parameter are 
specified, it overrides the default values. 
o Second, defaulting common initial values _is e cofivenient than specifying them 
each time an object is declared. 
= It is important to distinguish between the d nstructor A: : A () and the default 
argument constructor A : : A (int = 0). T, ument constructor can be called with 
either one argument or no argume called with no arguments, it becomes a default 
constructor. 
= When both these forms are used 
Aa; > ambiguity is wheth 


it causes ambiguity for a statement such as: 
A() orA::A (int = 0). 


Copy Constructor 
= Defining a copy tor can help you prevent problems that might occur when one 
object is usedsto initialize another. 
ed to declare and initialize an object from another object. 
2 (11); would define the object I2 and at same time initialize it to 
. Another form > integer 12 = 11; 
= The initializing through a copy constructor is known as copy initialization. 


=11 > will not invoke the copy constructor. This will simply assigns the values of 
11 to 12. 
y constructor takes a reference to an object of the same class as itself as an 


rgument. 
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A reference variable has been used as an argument to the copy constructor. We cannot p 
the argument by value to the copy constructor. + 
When no copy constructor is defined, the compiler supplies its own copy cons uctor 


Destructors 
= A destructor, is used to destroy the objects that have been created by a tor. 
= Like a constructor, the destructor is a member function whose n is hg same as the class 
name but is preceded by a tilde. E.g.: ^i r 
= A destructor never takes any argument nor does it retu lue. It will be invoked 


implicitly by the compiler upon exit from the progra cl torage that is no longer 
accessible. 
It is a good practice to declare destructors in a prog 
future use. 
Whenever new is used to allocate memory in t 


that memory. 


As the objects are created and destroyed, they increase and decrease the count. 
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= After the first group of objects is created, A5 is created, and then destroyed, A6 is created, 
and then destroyed. 
= Finally, the rest of the objects are also destroyed. When the closing brace of a scope is 


encountered, the destructors for each object in the scope are called. 
= Thus, the objects are destroyed in the reverse order of creation. 


+ 


N 


+ 


A 
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Chapter 7: Operator Overloading 


= C++ tries to make user-defined data-types to behave much the same way as built-in types. 
E.g., C++ permits us to add two variables of user-defined datatypes with the same syntax 
that is applied to the basic types. This means that C++ has the ability to provide the 
operators with a special meaning for a data type. This mechanism of giving such speci 
meanings to an operator is known as operator overloading. 


= In the following example, we create a struct with two members: 
product and price. 


struct { + 
string product; 
float price; 
}a, b, C; 
a=b+c; 
= An attempt to add variables b and c and store in a will cau lafn error, since we 
have not defined the behavior our class should have with a efations. But using C++ 


feature to overload operators, we can design class bleé<to_ perform operations using 
standard operators. 
= We can overload almost all C++ operators except the following: 
o Class member access operators (‘.’ and 
o Scope Resolution Operator (‘: :’) 
o Sizeof Operator (‘sizeof’) 
o Conditional Operator (°? :’) 
= Although the behaviour of an ope 


verloaded, we cannot change its syntax, the 
grammatical rules such as the nu »perands, precedence and associativity i.e. when 
an operator is overloaded, i aning is not lost. 

= Eg.: operator +, which has oVerloaded to add two objects can now still be used to add 
two integers. 


ame : : operator sign (argument-list) { function-body } 
operator +(vector); // Vector addition 
tor operator —(); // Unary Minus 
friend vector operator +(vector, vector) // Vector addition 
tor functions must be either non-static member functions or friend functions. 
= “Whe difference between them is that a friend function will have only one argument for unary 
operators and two for binary operators, while a member function has no argument for 
unary operators and only one for binary operators. This is because the object used to invoke 
the member function is passed implicitly and therefore is available for the member function. 
This is not the case with friend functions. 
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= Arguments may be passed either by value or by reference. 
= The process of overloading involves the following steps: 
1. Create a class that defines the data-type that is used in the overloading operation. 
2. Declare the operator function operator op() in the public part of the class. 
3. Define the operator function to implement the required operations. 
= Overloaded Operator functions can be invoked by: 
© opxorxop unary operators > interpreted as operator op (x) (for frie 
functions 
o xopy binary operators > interpreted as x.operator op (y) (membe 
functions) 
> interpreted as operator op (x,y) (frien iong} 


Overloading Unary Operator 
= A minus operator when used as a unary, takes just one operand. It will change the sign of an 
operand when applied to a basic data item. 
= We define a overloaded function for unary (—) such that it changes the ğe" of all the data 
items when it is applied to an object. 


Example: Overloading Unary minus (— ) operator 


le, the function operator —() takes no arguments, it just changes the sign of data 
me rs oO object s. Since this function is a member function of the same class, it can directly 
s members of the object which activated it. 


inary Operators 
e can add two objects A and B by using the functional notation C = Sum( A, B). 
= “This functional notation can be replaced by C = A + B by overloading the operator ( + ) using 
the operator + () function. 
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Example: Overloading Binary operators 


to the function. 
= Hence, T3=1T1+T2issameas T3 = T1. : 
= Therefore, the members of T1 are rectly (implicitly) and the data members of T2 
are passed as an argument. Hen nly one temp type argument. 
2. It returns a temp type value. 
= The function operator +() h 
sum of T1 and T2. The fun 


object temp p which is responsible for storing the 
rns the temp p to be assigned to T3. 


Overloading Binary Op 
= Friend functi e used in place of member functions for overloading binary operators. 
= The only differ hat a friend function requires two arguments to be explicitly passed 

to it, while function requires only one. 
= lace the member function declaration by friend function declaration and 
redefine theriend operator function. 


sually we get same results using both member function and friend function but there are 
situations when we have two different types of operands for a binary object, say, one object 
and another built-in type. (e.g. - A = B + 2 ) where A and B are objects of the same class. 
This will work as normal for a member function but the statement A = 2 + B; will not work. 
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= This is because the left-hand operator which is responsible for invoking the member 
function must be an object of the same class. 

= For friend function, an object need not be used to invoke it but can be passed as an 
arugment. Thus, we can use a friend function with a built-in type data as the left-hand 
operand and an object as the right-hand operand. 


e both the forms of scalar multiplication such as 
and vi=10*vi 


opera Wpro be overloaded | Wheres fend cannot be used] 
Dee otonertor [= [Assnment Operator O 
P or 
ONY [Pointertomember operator |1] | subscripting operator 1] 
( [RG [scope Resolution operator |-> | Cass member access operator | 
pe [oot operator] A 
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Overloading the insertion << and extraction >> operator 


#include <iostream> 


class Distance 


{ 
int feet; // 0 to infinite 
int inches; // 0 to 12 © 
public: 
// required constructors N 
Distance() { feet = 0; inches = 0; } 
Distance(int f, int i) { feet =f; inches = i; + 
friend ostream & operator << ( ostream &output, const Distance &D ) 
{ 
output << "F :" << D.feet << "1: "<< D.inches; 
return output; 
N + 
friend istream & operator >> ( istream &input, Distance Q) 
{ 
input >> D.feet >> D.inches; 
return input; 
} 
} 
int main() 
{ 
Distance D1(11, 10), D2(5, 11), D 
cout << "Enter the value of obje > dl; 
cin >> D3; 
cout << "First Distance : " endl; 
cout << "Second Dis << endl; 
cout << "Third Di < D3 << endl; 
return 0; 
} 


= When the %ab Ke öde is executed, in the main() the statement cin >> D3 invokes the 


r >> and takes in the overloaded form and using input takes in the values of 


feetand inches and return the input object. 


ays the values of the object D1, D2, and D3. 


a anner, when the cout << D1 is executed the operator << function is invoked and 
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Chapter 9: Virtual Functions, Polymorphism and Pointers 


= Polymorphism means ‘one name, multiple forms’. 


Static Binding or Compile-time polymorphism 

= Polymorphism is implemented using overloaded functions and operators. The overloaded member. 
functions are ‘selected’ for invoking by matching arguments, both type and number. T, 
information is known to the compiler at the time of compilation, and therefore, compiler is able 
select the appropriate function for a particular call at the compile time itself. This is aed a 
binding or static binding or static linking. It is also known as compile-time polymorphism 

= Example: + 


= |n the above example, since the prototype show() is the same in classes, the function is 
not overloaded and therefore static binding doesn’t appl 

= We use the class resolution operator to specify the clasSQWhile TAwoking the functions with the 
derived class objects. 


Dynamic Binding or run-time polymorphism 

= The process by which we can select appr@pria 
known as run-time polymorphism. 

= C++ supports a mechanism known as Virt 

= At run-time, when it is known that a 
version of the function is invoked. 

= Since the function is linked wi 
termed as late binding. 

= It is also known as dyn 
dynamically at run-time: 

= Weuse pointers a 


er function while the program is running is 


ion to achieve run-time polymorphism. 
Objects are under consideration, the appropriate 


icular class much later after the compilation, this process is 


because the selection of the appropriate function is done 


ctions to implement dynamic binding. 


Pointers 
= A Point 


ata-type that refers to another data variable by storing the variable’s 
ss ratMer than data. 
i defines where to get the value of a specific data variable instead of defining 


iable can refer to another pointer in C++ or any type of data available in C++ but is able 


to only one data type at the specific time. In C++, pointers provide an alternative approach 
cess other data objects. 
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= Use of Pointers: 
o Allocating memory from the “Free store” (using “new” operator) 
o De-allocating memory after scope gets over (using “delete” operator) 
o Accessing class member data and functions 
o Passing variables by reference to functions 


Pointers to Derived Classes 

= We can use pointers not only to base objects but also to the objects of derived classes. © 

= Pointers of the base class are type-compatible with pointers to objects of a derived class. Therefore, 
a single pointer variable can be made to point to objects belonging to different classes. 


= Example: If B is a base class and D is a derived class from B, then a pointer declared intepto 
B can also be a pointer to D. 
= Though C++ permits a base pointer to point to any object derived from tha ointer 


cannot be directly used to access all the members of the derived class. We haVe to tõuse another 
pointer declared as a pointer to derived type. 


#include <iostream> int main () 
class Base{ { + 
public: Base *bptr; //Base oi 
int b; Base base; 
void show () bptr = &basel7// Address 
{ bptr -> b = 100; //Ac Basé via base ptr 
cout<<”b=”"<<b; cout<< “bptr b object”; 
} bptr -> show( 
} 
Class Derived : public Base //D SS, 
{ Dg 
public: b ; // Address of derived object 
int d; 8 = 200; //Access derived via Base ptr 
void show () 
{ r -> d = 300; //won’t work 


cout<<”b=” cout<< “bptr points to derived object”; 


bprt -> show(); //bptr points to derived obj 


Derived *dptr; 
dptr = &DC; // Base Address 
dptr -> d = 300; 

cout<<” dptr is derived ptr’; 

dptr -> show(); 


((Derived *)bptr)-> d = 400; 
((Derived *)bptr)-> show(); 


return 0; 


} 
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We have used the statement bptr -> show( ) two times. First when bptr points to base object and 
second when bptr points to derived object. But both the times, it executes Base : : show() function 
and displays the contents of the base object. 
The statements dptr)-> show(); 

((Derived *)bptr)-> show(); //display the contents of the derived object. 
This shows that, although a base pointer can be made to point to any number of derived objects, it 
cannot directly access the members defined by a derived class. 


+ 


Virtual Functions 


Polymorphism is the ability to refer to objects without any regard to their classes. This necessita 
the use of a single pointer variable to refer to the objects of different classes. 
Here, we use the pointer to base class to refer to all the derived objects. But, thé 
having the address of the derived class, always executes the function in the bas 
The compiler simply ignores the contents of the pointer and chooses the m@mber function that 
matches the type of the pointer. 

In this situation, to achieve polymorphism we use ‘virtual functions’. 

When we use the same function name in both the base and deriv S & function in base 
class is declared as virtual using the keyword virtual preceding its cldration. 

When a C++ function is made virtual, C++ determines which toh todise at run-time based on 
the type of the object pointed to by base pointer, rather t he Mpe of the pointer. 

C++ virtual function is 


y Amember function of a class 
y Declared with virtual keyword 
v Usually has a different functionality in t ec SS 


YA function call is resolved at run-ti 
Thus, by making the base pointer to poin e objects, we can execute different versions of 
the virtual function. 


class CPolygon { 


protected: int main () { 
int width, height; CRectangle rect; 
public: CTriangle trgl; 
void set_values (i i CPolygon poly; 


{ width=a; hei CPolygon * ppoly1 = &rect; 
virtual int acea ( CPolygon * ppoly2 = &trgl; 
CPolygon * ppoly3 = &poly; 


{ retu i 
; ppoly1->set_values (4,5); 
ppoly2->set_values (4,5); 
ppoly3->set_values (4,5); 
cout << ppoly1->area() << endl; 
cout << ppoly2->area() << endl; 
cout << ppoly3->area() << endl; 
return 0; 


lass CTriangle: public CPolygon { 
public: 
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int area () 
{ return (width * height / 2); } 
} 
= Now the three classes (CPolygon, CRectangle and CTriangle) have all the same members: width, 
height, set_values() and area(). 

= The member function area() has been declared as virtual in the base class because it is later 
redefined in each derived class. 

= |f we remove this virtual keyword from the declaration of area() within CPolygon, and then@un 
program the result will be Ofor the three polygons instead of 20,10 andO because insted o 
calling the corresponding area() function for each object CPolygon : : area() will be called in 
cases since the calls are via a pointer whose type is CPolygon*. 

= Therefore, virtual keyword does allows a member of a derived class with the same 
the base class to be called from a base pointer but is pointing to an object of th 
the above example. 

= Aclass that declares or inherits a virtual function is called a polymorphie class. 

= We must access virtual functions through the use of a pointer declar s a pointer to the base 
class because if we access it using dot operator with a m ction then run-time 
polymorphism is not achieved as it is achieved only through a poin bdse class. 


Example of Run-time polymorphism 
#include<iostream.h> void show 
#include<string.h> 


<"\nTITLE="<<title; 


class media Stit<<"\nPAGES="<<pages; 
{ cout<<"\nPRICE="<<price; 
protected: 
char *title; 
float price; class tape : public media 
public: { 
media(char *n,float a) int time; 
{ public: 
tape(char *s,float f,int t):media(s,f) 
{ time=t;} 
void show() 
{ 


cout<<"\nTITLE="<<title; 


} cout<<"\nTIME="<<time; 
show() { } cout<<"\nPRICE="<<price; 
} } 
ublic media }; 
void main() 
int pages; { 
public: media *m[2]; 
ook(char *s,float f,int p):media(s,f) m[0]=new book("OOPs",450.45,350); 
{ m[1]=new tape("NewSong",100.56,20); 
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pages=p; m[0]->show(); 
} m[1]->show(); 


Overriding using Virtual Functions 


In C++, overriding is a concept used in inheritance which involves a base class implementation of a 
method. Then in a subclass, we would make another implementation of the method. This i 


overriding. Here is a simple example. + 
class Base class Derived : public Base 
{ { 
int x; int y; + 
public: public: 
virtual void DoSomething() virtual void DoSomethi 
{ { 
X=x+5; 
} 
} } 


} 
Here you can see that the derived class overrides the base c oSomething to have its 
own implementation where it adds to its variable, an es the parent version of the 
function by calling Base::DoSomething() so that the x varia ts incremented as well. 
The virtual keyword is used so that the class variable @@n fig t which version of the method to 
call at runtime. 


Rules for Virtual Functions 


1. The virtual functions must be membe SS. 

They cannot be static members. 

They are accessed by using obj 

A virtual function can be a frie nother class. 

A virtual function in a bas e defined, even though it may not be used. 

The prototypes of the ersion of a virtual function and all the derived class versions 
must be identical. nctions with the same name have different prototypes, C++ 
considers them asto ded functions, and the virtual func- t;on mechanism is ignored. 


D eR w w 


erived class. In such cases, calls will invoke the base function. 


Pure Virtual Functions 
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A virtual function is declared inside the base class and redefined in the derived classes. The function 
inside the base class is seldom used for performing any task. It only serves as a placeholder. 

The function in the base class has been defined 'empty'. Such functions are called "do-nothing" 
functions. 

A "do-nothing" function may be defined as follows: virtual void display( ) = 0; 

Such functions are called pure virtual functions. 

A pure virtual function is a function declared in a base class that has no definition relative to t 
base class. + 

In such cases, the compiler requires each derived class to either define the function or redec i 
as a pure virtual function. 

A class containing pure virtual functions cannot be used to declare any objects of its 0 
earlier, such classes are called abstract base classes. The main objective of an abstra 
to provide some traits to the derived classes and to create a base pointer requir re 
time polymorphism. 


Abstract base classes are something very similar to our CPolygon class ur previous example. 
In an abstract base classes we could leave that area() member functi ithout¥mplementation at 
all. This is done by appending =0 (equal to zero) to the function de 

o virtual int area (void) =0; 
This type of function is called a pure virtual function, an class@s that contain at least one pure 
virtual function are abstract base classes. 
The main difference between an abstract base class a 
in abstract base classes at least one of its membé 
instances (objects) of it. 
But a class that cannot instantiate object 
take advantage of all its polymorphic abili 
Therefore a declaration like: CPo 


polymorphic class is that because 
$ implementation we cannot create 


tally useless. We can create pointers to it and 


oly; would not be valid for the abstract base 


class we have just declared, becau Stantiate an object. 

Nevertheless, the following pointe olygon * ppolyl, *ppoly2; would be perfectly valid. 
Example 

#include <iostream> class CTriangle: public CPolygon { 


public: 
int area (void) 
{ return (width * height / 2); } 


class CPolygon 


}; 
ues (int a, int b) int main () { 
height=b; } CRectangle rect; 
| int area (void) =0; CTriangle trgl; 


CPolygon * ppoly1 = &rect; 
CPolygon * ppoly2 = &trgl; 
ass CRectangle: public CPolygon { ppoly1->set_values (4,5); 
public: ppoly2->set_values (4,5); 
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int area (void) cout << ppoly1->area() << endl; 
{ return (width * height); } cout << ppoly2->area() << endl; 
ii return O; 
} 


A 
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